Objectives: To assess patients' perspective about factors associated with stent choice. Background: Drug eluting stents (DES) markedly reduce the risk of repeat percutaneous coronary intervention (PCI), but necessitate a longer duration of dual anti-platelet therapy (DAPT) as compared with bare metal stents (BMS). Thus, understanding patients' perspective about factors associated with stent choice is paramount. Methods: Patients undergoing angiography rated, on a 10-point scale, the importance (1 5 not important, 10 5 most important) of avoiding repeat revascularization and avoiding the following potential DAPT drawbacks: bleeding/bruising, more pills/day, medication costs and delaying elective surgery. The factor, or group of factors, that was rated highest by each patient was identified. Results: Among 311 patients, repeat revascularization was the single most important consideration to 14.4% of patients, while 20.6% considered avoiding one of the DAPT drawbacks as most important. Most patients (65%) considered avoiding at least one DAPT drawback as important as avoiding repeat revascularization. In no subgroup of patients did more than a quarter of patients prefer avoiding repeat revascularization above all other concerns. Among patients undergoing PCI, more than three quarters received a DES, regardless of their stated preferences (DES use among those most valuing DES benefits, avoiding DAPT drawbacks, or both equally were 78.7%, 86.2%, and 85.6%, respectively, P 5 0.56). Conclusion: Most patients reported that avoiding DAPT drawbacks was as important as avoiding repeat revascularization. Eliciting patient preferences regarding stent type can enhance shared decision-making and allow physicians to better tailor stent choice to patients' goals and values. Trial Registration: Developing and Testing a Personalized Evidence-based Shared Decision-making Tool for Stent Selection (DECIDE-PCI).
INTRODUCTION
Coronary artery disease affects 15 million Americans and percutaneous coronary intervention (PCI) is performed more than 500,000 times/year in the U.S. alone [1] . While PCI procedures can be performed with bare metal (BMS) or drug eluting stents (DES), over 80% of PCI procedures in the U.S. are performed with DES [2, 3] . The principal advantage of DES (over BMS) is the decreased risk of restenosis and lower likelihood of needing to undergo a repeat revascularization procedure [4] [5] [6] [7] [8] . Importantly, the benefits of DES in preventing repeat revascularization procedures are highly dependent on an individual patient's risk for restenosis, with the number needed to treat to avoid one target vessel revascularization (TVR) ranging from 6 to 130, depending on individual patient characteristics [9, 10] . The use of DES also necessitates treatment with dualantiplatelet therapy (DAPT) for at least 6 months to reduce the risk of stent thrombosis [11] , as compared with as little as 1 month of DAPT with BMS [12] . This is important because there are drawbacks to prolonged DAPT therapy [13] , including higher risks of major and minor bleeding [14, 15] , the need to take additional medication every day, increased medication cost, and the need to delay future procedures and surgeries [12] .
Given the competing benefits and drawbacks of DES, it is somewhat surprising that DES are used in the majority of PCI cases, regardless of patients' individualized restenosis risks [2, 3] . While it is possible that patients value avoiding a repeat procedure much more than the drawbacks of prolonged DAPT therapy, this has never been studied. In contrast, it may be possible that stent selection is driven more by physicians' preference to avoid TVR, rather than by actively engaging patients in discussing stent choices and eliciting their preferences. In fact, studies have documented that although 90% of patients express a desire to participate in treatment decisions, only 31% of patients recall discussing stent options with their physicians [16] and over 70% of patients report that the "doctor alone" made the decision about which stent was used [17] . Whether the observed practice of preferentially using DES, regardless of the likelihood of benefit, is logical requires additional insight into patients' preferences of the benefits of avoiding repeat revascularization, as compared with the drawbacks of DAPT. We thus designed a prospective study to survey patients prior to coronary angiography to investigate the relative importance of avoiding repeat revascularization, as compared with the potential drawbacks associated with prolonged DAPT. Understanding patients' perceptions of these alternative considerations can either reinforce current practice patterns or underscore the need for better shared medical decision-making with respect to stent selection.
METHODS

Study Design
This was a cross-sectional observational study conducted between May 2014 and May 2015. English or Spanish speaking patients undergoing coronary angiography with possible PCI for any nonemergent clinical indication at two Kansas City, Missouri hospitals (Saint Luke's Mid America Heart Institute and Truman Medical Center) were eligible for inclusion. Patients who did not speak English or Spanish or who could not comply with the survey were excluded. A study coordinator surveyed patients before their procedure to assess the importance of different factors related to stent choice. The study was approved by the institutional review boards (IRB) at both institutions and all patients provided verbal informed consent.
Data Collection
In addition to demographic and clinical data, the survey asked patients to consider the importance of five factors in stent choice; avoiding a repeat revascularization procedure, avoiding more pills/day, avoiding the increased costs of medications, avoiding bleeding/ bruising and avoiding the possible need to delay/cancel elective surgeries for 6 months or longer after treatment (Appendix A). These factors were endorsed by the study team (which included two patient members on the Steering Committee) as being most relevant and important to patients. Patients rated how important each factor was to them on a 10-point scale that ranged from 1 (not at all important to avoid) to 10 (extremely important to avoid). The highest-ranked factor (or factors, when there was a tie) was considered the most important factor to the patient. Examples of the ranking method are shown in Appendix B.
Statistical Methods
The primary study aim was to describe the factors that are most important to patients in choosing between BMS or DES, where avoiding a repeat revascularization procedure was considered to favor DES and avoiding drawbacks of DAPT therapy was considered to favor BMS. A secondary aim was to describe the differences in characteristics between patients who most valued DES benefits (avoiding repeat revascularization), patients who most valued DAPT drawbacks and patients who valued both equally. Finally, we examined whether the stent type used among patients undergoing PCI differed between patients who most valued DES benefits, patients who most valued DAPT drawbacks and those who valued both equally. ANOVA was performed for normally distributed continuous variables; v 2 or Fisher's exact tests were run for categorical variables. A two-sided probability value of <0.05 was considered statistically significant. All statistical analyses were performed using SAS software, version 9.3 (SAS Institute, Cary NC).
RESULTS
Of 336 patients eligible for enrollment, 317 patients (94.3%) agreed to participate. Complete data for patient preferences about factors related to stent choice were available for 311 (98.1%) of the participating patients. Information about the final stent placed was missing in 15 (4.7%) patients. Table I shows the baseline characteristics of the patient cohort. Thirty-four percent of patients were female and 18% were African American. Diabetes was present in 45% of patients, 80% had hypertension, 10% had peripheral artery disease, and 43% of patients had undergone a prior PCI, 61% of which had been performed >1 year prior.
We found that 14.4% of patients considered avoiding a repeat revascularization procedure as the single most important factor when deciding on a choice of stent, while 20.6% considered avoiding one of the DAPT drawbacks as most important (Fig. 1) . The remaining 65% of patients considered avoiding at least one of the drawbacks of DAPT as important as avoiding repeat revascularization. Figure 2 shows the percentage of patients who ranked each consideration as one of their top concerns. Table II shows the characteristics of patients based on what they most valued. Although statistically statistical differences in patient preferences were observed according to gender, race and elapsed time since prior PCI, only a minority of patients in all subgroups valued avoidance of repeat revascularization as the single most important factor in stent selection. Among the 60.6% of patients who subsequently underwent PCI, 85% were treated with DES, and no difference in DES use was observed among patients who most valued avoiding repeat revascularization, who most valued avoiding DAPT drawbacks or who valued both equally (78.7% vs. 86.2% vs. 85.6%%, respectively, P 5 0.56) (Fig. 3) .
DISCUSSION
The American Medical Association advised, in 2010, that when more than one clinically acceptable treatment is available, engaging patients in shared decision-making has the potential of improving the value of U.S. health care [18] . Similarly, the Institute of Medicine (IOM) includes patient-centered care as one of its six domains of quality [19] . In the setting of PCI, stent selection should be a preference-sensitive decision because of the offsetting benefits of DES and the drawbacks of prolonged DAPT. This study is the first to elicit and describe patients' preferences regarding factors surrounding stent choice and provides a unique insight into whether or not the current use of DES (>80%) is aligned with patient preferences, or whether more effort to support shared decision-making is needed. We found that only 14.4% of patients undergoing coronary angiography with possible PCI were most concerned about having to return for repeat revascularization. Conversely, 20.6% of patients were most concerned about a DAPT drawback and the remaining 65% valued both the benefits of DES and the drawbacks of prolonged DAPT equally. We also found no association between patients' value of DES benefits and DAPT drawbacks, with the actual stent received. Thus, the predominant use of DES in this study suggests that physicians are prioritizing the avoidance of repeat revascularization procedures, rather than engaging patients in shared decision-making so that treatment can more closely align with patients' preferences. If shared decision making had occurred, one would expect patients who clearly valued DES benefits the most (14.4%) to receive DES and patients who clearly valued avoiding DAPT drawbacks the most (20.6%) to receive BMS. However, if even a small portion of patients who valued both equally (65%) received a BMS, the rate of DES use would be much lower than 85%. These data underscore the need for more systematically eliciting patient preferences for stent type prior to PCI.
While the best way to understand individual patients' preferences is to ask them, we found some interesting associations between patient preferences and their clinical characteristics. Most interestingly, patients who valued avoiding DAPT drawbacks (more than they valued avoiding a repeat procedure) were more likely to have undergone a PCI within the past 6 months. Although we do not know what their preferences were at the time of their prior PCI, these are patients who have experienced a PCI procedure and the potential drawbacks of DAPT and preferred avoiding prolonged DAPT therapy more than the repeat procedure. Whether this group of patients had any DAPT-related complications that influenced their preferences is not known.
The lack of shared medical decision-making regarding stent choice, and the preferential use of DES in patients who prefer avoiding prolonged DAPT therapy, is congruent with previous reports. For example, a study of Medicare patients undergoing PCI reported that only 1 in 10 patients were offered alternatives to stenting and only 16% were asked about their treatment preferences [16] . In a prior 9-center study [17] , less than a third of patients reported discussing stent options with their physicians prior to their PCI procedure. This lack of patient engagement in shared decision-making is concerning, since 90% of patients prefer to participate in treatment decisions [17] .
To align the stated goals of the American Medical Association and Institute of Medicine to honor patients' preferences and for patients to participate in treatment decisions, a transformation in the process of stent selection is needed. One promising strategy would be to create shared decision-making tools for eliciting patient's preferences regarding the benefits and drawbacks of DES to better engage patients in decision-making. Ideally, these tools would depict for patients their individualized risks of repeat revascularization with BMS and DES [9] , and their risks of bleeding or bruising with prolonged DAPT. Such a decision tool would provide the most accurate data with which patients can make decisions based upon their values. Once developed, it will be important to determine how best to implement these tools in routine clinical care so that patients can voice their preferences and physicians can have ready access to this information in tailoring their PCI approach. Moreover, if patients with a low likelihood of repeat revascularization choose BMS, this could translate into significant cost savings for the U.S. health care system, lower complications from prolonged DAPT use and increased patient satisfaction. In fact, we have previously estimated an annual savings of $200M/year in the U.S., if just half of the patients at the lowest risk for TVR chose treatment with BMS [2] . Further research is needed to develop and implement shared decision-making tools and to study their effects on shared decision-making and stent choice.
Our findings should be interpreted in the context of the following potential limitations. Patients were surveyed prior to angiography and it is possible that patients may have responded differently in another setting, such as an outpatient clinic or after their procedure. However, this was a pragmatic time to elicit patients' preferences, being just prior to the treatment decision being made, and it is unusual to have discussions about stent options long before the time of the procedure. Moreover, in this study, we did not require patients to identify a single most important factor in stent selection, enabling patients to independently assign values to each factor. Although requiring patients to choose which factor was most important may have altered their prioritization, our finding that over twothirds of patients were concerned about both the risk of a repeat procedure and the complications of DAPT underscores the importance of engaging patients in shared decision-making as emphasized by the authors of a recent meta-analysis suggesting that decisions regarding the duration of DAPT therapy must take into account patients' values and preferences [20] . It is also important to note that current guidelines [21] recommend at least 6 months of DAPT for patients receiving DES and 12 months of DAPT for all patients with acute coronary syndrome and we did not exclude patients with acute coronary syndrome from this study. Lastly, the extreme response bias is a potential limitation to the Likert scale; however, this bias was not observed in this particular study.
In conclusion, given the growing demand for engaging patients in medical decision-making, we report the first study describing patients' perspectives of the relative importance of different factors related to stent choice. We found that most patients undergoing coronary angiography regarded avoiding one of the drawbacks of DAPT at least as important as avoiding TVR and only a minority regarded avoiding repeat revascularization as the single most important consideration when selecting a stent. Explicitly eliciting patients' preferences is important to better tailor stent choices to the goals and values of individual patients undergoing PCI.
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